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57 ABSTRACT

A method in a node of cellular telecommunication network
comprising receiving downlink quality measurements of a
primary carrier frequency and at least one secondary carrier
frequency and combining the received downlink quality mea-
surements of the primary carrier frequency and secondary
carrier frequency. The downlink quality measures are com-
bined by determining a combined downlink quality measure
for the downlink quality measurements of the primary carrier
frequency and the at least one secondary carrier frequency
and determining a difference in logarithmic scale between the
downlink quality measurements of the primary carrier fre-
quency and the combined downlink quality measure for the
downlink quality measurements of the primary carrier fre-
quency and the at least one secondary carrier frequency to be
used as the combined quality measure. The method also
includes evaluating whether the combined quality measure
fulfills a predetermined condition and triggering an event
only if the combined quality measure fulfills the predeter-
mined condition.

34 Claims, 9 Drawing Sheets
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1
METHOD AND ARRANGEMENTS IN A
MOBILE COMMUNICATION NETWORK

This application claims the benefit of U.S. Provisional
Application No. 61/058,634, filed Jun. 4, 2008, the disclosure
of which is fully incorporated herein by reference.

TECHNICAL FIELD

The present invention relates to method and arrangements
in a mobile communication network, in particular to arrange-
ments allowing for optimizing radio resources utilization in a
multicarrier system as well as methods for such optimization.

BACKGROUND

UTRAN (Universal Terrestrial Radio Access Network) is a
term identifying the radio access network of a WCDMA
based UMTS (Universal Mobile Telecommunications Sys-
tem), wherein the UTRAN consists of Radio Network Con-
trollers (RNCs) 135 and NodeBs 125 i.e. radio base stations
as illustrated in FIG. 2. The NodeBs communicate wirelessly
with mobile user equipments (UEs) 145 and the RNCs 135
control the NodeBs 125. The RNCs 135 are further connected
to the Core Network (CN) 105. Evolved UTRAN (E-UT-
RAN) is an evolution of the UTR AN towards a high-data rate,
low-latency and packet-optimised radio access network. Fur-
ther as illustrated in FIG. 1, the E-UTRAN consists of radio
base stations (eNBs) 124, and the eNBs are interconnected
and further connected to the Evolved Packet Core network
(EPC) 10a. E-UTRAN is also being referred to as Long Term
Evolution (LTE) and is standardized within the 3"/ Genera-
tion Partnership Project (3GPP). FIG. 1 also shows UEs 14a
in communication with the eNBs 12a.

Existing WCDMA (Wideband Code Division Multiple
Access) based UTRAN utilize single carrier frequency trans-
mission comprising of 5 MHz in each direction i.e. downlink
and uplink. Similarly the E-UTRAN also uses single carrier
frequency transmission with a bandwidth which may be
between 1.4 MHz to 20 MHz. The evolution of WCDMA
towards multicarrier WCDMA and of E-UTRAN to LTE
advanced comprising multicarrier transmission is underway.
Hence this ongoing evolution is the possibility of transmitting
data over more than one carrier at a time. One of the funda-
mental objectives of this evolution is to enhance data rate per
user while still maintaining robust mobility performance.
Therefore the introduction of additional carriers also requires
certain level of modification in the mobility principles and
radio resource management algorithms controlling the mobil-
ity.

In WCDMA single carrier system the following three
downlink neighbour cell measurements are specified prima-
rily for mobility purpose; CPICH RSCP (Common Pilot
Channel Received Signal Code Power), CPICH Ec/No;
CPICH Ec/No=CPICH RSCP/carrier RSSI (Received signal
strength indicator) and UTRA Carrier RSSI.

The RSCP is measured by the UE on cell level basis on the
common pilot channel (CPICH) and the UTRA carrier RSSI
is measured over the entire carrier. The UTRA carrier RSSIis
the total received power and noise from all cells (including
serving cells) on the same carrier. The above mentioned
CPICH measurements are the main quantities used for the
mobility decisions.

In E-UTRAN the following three downlink neighbour cell
measurements are specified also primarily for mobility pur-
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2
pose; Reference symbol received power (RSRP), Reference
symbol received quality (RSRQ): RSRQ=RSRP/carrier RSSI
and E-UTRA Carrier RSSI.

The RSRP or RSRP part in RSRQ in E-UTRAN is solely
measured by the UE on cell level basis on reference symbols.
As in case of WCDMA, the E-UTRA carrier RSSI is mea-
sured over the entire carrier. It is also the total received power
and noise from all cells (including serving cells) on the same
carrier. The two RS based measurements are indeed also the
main quantities, which are likely to be used for the mobility
decisions.

In cdma2000 1xRTT system and in cdma2000 HRPD sys-
tem the pilot strength is specified for quality measurement for
mobility. In Wimax IEEE 802.16 systems, WiMAX Preamble
CINR and WiMAX RSSI are used for mobility measure-
ments.

WiMax Preamble CINR is the Carrier to Interference and
Noise ratio of the WiMAX DL preamble measured by the UE
for a particular BS. This measurement quantity provides
information on the actual operating condition of the receiver,
including interference and noise levels, and signal strength. It
therefore depicts the cell quality and is analogous to RSRQ
and CPICH Ec Carrier to Interference and Noise ratio/No in
E-UTRAN and WCDMA respectively.

Wimax RSSI is the Received Signal Strength measured by
the UE from the DL preamble for a particular base station. It
corresponds to signal strength measurements (i.e. RSCP or
RSRP) in WCDMA or E-UTRAN.

The neighbour cell measurements are typically averaged
over long time period in the order of 200 ms or even longer to
filter out the effect of fast fading.

There is also a requirement on the UE to measure and
report the neighbour cell measurements (e.g. RSRP and
RSRQ in E-UTRAN) from a certain minimum number of
cells. In both WCDMA and E-UTRAN this number is 8 cells
comprising of one serving and seven neighbour cells on the
serving carrier frequency or commonly termed as intra-fre-
quency.

CPICH Ec/No and RSRQ are the so-called neighbour cell
quality measurements used in WCDMA and E-UTRAN
respectively. The explanation is also valid for quality mea-
surements in other systems e.g. WiMax Preamble CINR in
Wimax system.

The goal of the neighbour cell quality measurement is to
estimate and predict the long term downlink quality that may
be experienced by the UE in a particular cell. It should indeed
indicate the signal quality or throughput that the UE will
achieve in a cell. This prediction enables the UE and the
network to choose the most appropriate cell when performing
cell reselection and handovers respectively. In E-UTRAN any
set of resource blocks (i.e. part of the cell bandwidth) may be
assigned to the UE for transmission.

In multicarrier system like in multicarrier WCDMA the
overall average and long term quality prediction of all or a
sub-set of carriers is important to be known prior to handover
or cell reselection.

Inboth WCDMA (HSDPA) and E-UTRAN, the UE reports
a channel quality indicator (CQI), which is expected to depict
the instantaneous channel quality. Furthermore CQI is only
reported from the serving cell. Therefore the purpose of CQI
is to track fast fading and is mainly used for scheduling and
link adaptation at the base station. In current HSDPA system
only one CQl is reported at a time since there is a single carrier
in the downlink and uplink. In E-UTRAN system, the UE
may be configured to report the CQI over a part of bandwidth
to be able to do frequency domain scheduling.
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As stated above, mobility decisions (i.e. cell reselection
and handovers related) require long term averaged downlink
quality. For the purpose of mobility, the network usually uses
neighbour cell quality measurement quantity (i.e. CPICH
Ec/No in WCDMA or RSRQ in E-UTRAN), However the use
of CQI for mobility decisions is not precluded. For instance
the network may filter the CQI to alleviate the effect of fading
and use it for mobility aspects e.g. starting or stopping of
measurement gaps for inter-frequency measurements.

There are basically two kinds of mobility scenario; Idle
mode mobility with cell reselection and connected mode
mobility with handover.

The cell reselection is mainly a UE autonomous function
without any direct intervention of the network until the
change of serving cell has already been performed. However,
to some extent the UE behaviour in this mobility scenario
could still be controlled by some broadcasted system param-
eters and performance specification. The handover on the
other hand, is fully controlled by the network through explicit
UE specific commands and by performance specification.

In both idle and connected modes the mobility decisions
are mainly based on the same kind of downlink neighbour cell
measurements, which were discussed in the previous section.

Both WCDMA and E-UTRAN are frequency reuse-1 sys-
tems. This means the geographically closest or physical adja-
cent neighbour cells operate on the same carrier frequency.
An operator may also deploy multiple frequency layers
within the same coverage area. Therefore, idle mode and
connected mode mobility in both WCDMA and E-UTRAN
could be broadly classified into three main categories: Intra-
frequency mobility (idle and connected modes), Inter-fre-
quency mobility (idle and connected modes) and Inter-RAT
mobility (idle and connected modes).

In intra-frequency mobility, the UE moves between the
cells belonging to the same carrier frequency. This is the most
important mobility scenario since it involves less cost in terms
of delay as neighbour cells are monitored continuously i.e.
not in measurement gaps. The gap assisted measurements as
done for inter-frequency mobility involve relatively longer
delay compared to those for intra-frequency mobility. In addi-
tion, an operator would have at least one carrier at its disposal
that it would like efficiently utilize.

In inter-frequency mobility the UE moves between cells
belonging to different carrier frequencies but of the same
access technology.

In inter-RAT mobility, the UE moves between cells that
belong to different access technologies such as between
WCDMA and GSM or vice versa.

In order to reduce signalling overheads the UE may be
configured to report an event when certain conditions are met.
Alternatively the UE will have to report the measurements on
serving and neighbour cells continuously.

These reported events are used by the network to take
mobility related decisions in connected mode. Furthermore
the same event may be reported according to signal strength
measurement (e.g. RSRP) or signal quality measurement
(e.g. RSRQ) or both as configured by the network. In addition
anevent may be absolute based on single cell or relative based
on comparison between 2 cells (generally between serving
and neighbour cells). Typically one or more events are con-
figured and associated thresholds or other parameters are
signaled to a UE.

In UTRAN systems some example of events are: Reporting
event 1A: A Primary CPICH enters the reporting range,
Reporting event 1B: A primary CPICH leaves the reporting
range, Reporting event 1C: A non-active primary CPICH
becomes better than an active primary CPICH, Reporting
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event 1D: Change of best cell, Reporting event 1E: A Primary
CPICH becomes better than an absolute threshold, and
Reporting event 1F: A Primary CPICH becomes worse than
an absolute threshold.

Similar events are also specified in other systems. For
instance in E-UTRAN the mobility related events are speci-
fied in 3GPP TS 36.331 “Evolved Universal Terrestrial Radio
Access (E-UTRA); Radio Resource Control (RRC); Protocol
specification”.

In idle mode no events are reported to the network, but the
same measurements may be used for cell reselection as stated
above. The parameters are signaled by the network on the
broadcast channel. The cell reselection algorithm, which are
in some sense analogous to events in connected mode, are
specified in the standard to ensure well defined UE behaviour
(see e.g. 3GPP TS 25.304 “User Equipment (UE) procedures
in idle mode and procedures for cell reselection in connected
mode” for UTRAN and 3GPP T8 36.304 “Evolved Universal
Terrestrial Radio Access (E-UTRA); User Equipment (UE)
procedures in idle mode” for E-UTRAN).

In multicarrier systems at least more than one carrier is
used in the downlink. One of the multi carriers is called
anchor carrier and remaining ones are called supplementary
carriers. Other terminologies used in literature for anchor and
supplementary carriers are primary and secondary carriers
respectively. However, the terminology primary carrier and
secondary carrier is used in the remaining description.

The primary carrier contains all physical channels includ-
ing all common control channels. The secondary carriers may
or may not contain all physical channels; for instance it may
lack some common control channels. The primary carrier in
downlink and in uplink (i.e. if there is more than one carrier in
uplink) should work according to legacy operation. Note that
legacy operation is based on single carrier.

For instance the UE in dual cell HSDPA (DC-HSDPA)
operation, which is being currently specified, is able to simul-
taneously receive HSDPA traffic over two downlink carrier
frequencies. They are also transmitted in the same frequency
band from a single serving sector. There is one uplink carver
fora DC-HSDPA UE and it is not strictly tied to one of the two
downlink carriers. In DC-HSDPA UE primary carrier has all
the physical channels including DPCH/F-DPCH, E-HICH,
E-AGCH, and E-RGCH. During dual carrier operation in
CELL_DCH, the UE secondary carrier is the downlink car-
rier which is not the UE primary carrier.

In legacy system with single carrier in the downlink the
quality based mobility decision are obviously based on the
quality estimated on one carrier. In multicarrier systems e.g.
in DC-HSDPA, the quality on each carrier may be different
due to different interference, adjacent channel interference
and noise levels experienced by the UE. The difference in
interference is for example due to different level of co-chan-
nel interference sources. The difference in noise level is con-
siderably influenced by the frequency band e.g. different car-
riers may belong to different bands, which may have different
sensitivity levels. Nevertheless the co-channel interference
remains the dominant factor, which would distinguish the
downlink neighbour cell quality on different carriers. There-
fore to ensure robust quality based mobility performance the
downlink quality on all or at least sub-set of carriers in a set of
multicarrier should be taken into consideration in multicarrier
system.

The other important family of measurement quantities
used for mobility is signal strength based e.g. RSRP in E-UT-
RAN. This category of mobility measurement is independent
of any type of co-channel interference. Therefore signal
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strength based measurement quantity and the corresponding
events from anchor carrier are likely to be sufficient.

The simplest solution is that all mobility based decisions in
idle and connected mode are solely based on measurements
and events from the primary carrier. The drawback is that this
solution does not take into consideration the downlink quality
of the secondary carriers, which are though used for trans-
mitting data. Thus in practice the UE could enter or be handed
over to a set of multicarrier cell, which do not provide suffi-
cient overall quality when transmitting data. There will be
overall loss in user performance e.g. lower than the bit rate
envisaged in a multicarrier setup. Therefore full potential of
multicarrier system may not always be realizable.

Another solution is that mobility decisions take into
account measurements and events from primary as well as
secondary carriers. For instance either AND or OR operation
could be performed on individual events to generate one
aggregate event before deciding to perform handover.
Though this solution depicts quality on all carriers in a mul-
ticarrier system but the obvious flaw is in terms of increase in
the number of measurements and events, which are per-
formed by the UE. On the one hand it increases UE complex-
ity and on the other hand it will increase uplink signalling load
and will require more complex processing at the network. The
complexity and signalling load will explode with the increase
in the number of supplementary carriers. The number of
carriers in multicarrier systems (HSPA, IMT-advanced etc) is
expected to rise sharply to satisfy the increasing demand of
high data rate.

Therefore a solution is needed that provide a reasonable
tradeoff between various factors: system complexity, UE
complexity, signalling overheads, accuracy of quality mea-
surements etc. in a multicarrier system.

SUMMARY

The objective of the present invention is hence to achieve a
reliable resource efficient solution for triggering different
events.

The quality measurement should capture the overall long
term average quality over the entire bandwidth or at least over
the largest possible portion of the bandwidth. Thus, the basic
idea of the present invention is that events are triggered based
on a composite downlink channel quality of all or a sub-set of
downlink carriers involving the primary carrier and at least
one secondary carrier.

According to a first aspect of the present invention a
method in a node of cellular telecommunication network is
provided. The cellular telecommunication network is capable
of simultaneously using multiple carrier frequencies com-
prising a primary carrier frequency and at least one secondary
carrier frequency. In the method, downlink quality measure-
ments of the primary carrier frequency and of at least one
secondary carrier frequency arereceived. The received down-
link quality measurements of the primary carrier frequency
and of the at least one secondary carrier frequency are com-
bined to determine a combined quality measure. It is further
evaluated if the combined quality measure fulfills a predeter-
mined condition, and an event is triggered only if the com-
bined quality measure fulfills a predetermined condition.

The method may be carried out by a UE or by a network
node. If the method is carried out by the UE, the step of
receiving downlink quality measurements of the primary car-
rier frequency and of at least one secondary carrier frequency
comprises that the UE measures the downlink quality mea-
surements on control information sent from one or more base
stations. If the method is carried out by the network node, the
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UE performs the downlink measurements and sends mea-
surements reports to the network node. Accordingly, the net-
work node receives the downlink quality measurements and
combines and evaluates whether an event should be triggered.

Thus, according to a second aspect a network node of a
cellular telecommunication network is provided. The cellular
telecommunication network is capable of simultaneously
using multiple carrier frequencies comprising a primary car-
rier frequency and at least one secondary carrier frequency.
The network node comprises a receiver for receiving down-
link quality measurements of the primary carrier frequency
and of at least one secondary carrier frequency, a combining
unit for combining the received downlink quality measure-
ments of the primary carrier frequency and of the at least one
secondary carrier frequency to determine a combined quality
measure, and an evaluation unit for evaluating whether the
combined quality measure fulfills a predetermined condition.
Moreover, the network node comprises a triggering unit for
triggering an event, wherein the event is triggered only if the
combined quality measure fulfills a predetermined condition.

According to a third aspect of the present invention, a UE
connectable to the cellular telecommunication network is
provided. The UE comprises a measuring unit for measuring
downlink quality measurements of the primary carrier fre-
quency and of at least one secondary carrier frequency, a
combining unit for combining the measured downlink quality
measurements of the primary carrier frequency and of the at
least one secondary carrier frequency to determine a com-
bined quality measure. The UE further comprises an evalua-
tion unit for evaluating whether the combined quality mea-
sure fulfills a predetermined condition, and a triggering unit
for triggering an event only if the combined quality measure
fulfills a predetermined condition.

The embodiments lead to reduction in overall events but at
the same time would also depict overall multicarrier quality,
which is desired for robust and reliable mobility decisions.

The proposed solutions are applicable to any multicarrier
system, e.g. WCDMA, cdma2000, Wimax etc., or long-term
evolution of the UTRAN.

With the proposed solution, the downlink neighbour cell
quality estimation in multicarrier system is improved.

Signalling overheads are reduced due to fewer events in
multicarrier system while the reported events still depict the
overall quality on all or sub-set of carriers.

The solution is less complex for both UE and network
compared to the case where an event is evaluated and reported
for each carrier in a multicarrier system.

The overall system performance is improved due to better
cell reselection and handover evaluation criteria, which take
into consideration the overall quality in multicarrier system.

Other objects, advantages and novel features of the present
invention will become apparent from the following detailed
description when considered in conjunction with the accom-
panying drawings and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding, reference is made to the follow-
ing drawing and preferred embodiments of the invention.

FIGS. 1 and 2 show exemplary communication network
architectures wherein the present invention may be imple-
mented.

FIG. 3 illustrates a scenario with the control information to
be used for determining the composite quality measure
according to the embodiments of the present invention.

FIGS. 4-10 are flowcharts illustrating methods according
to embodiments of the present invention.
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FIG. 11 is a block diagram schematically illustrating a
network node according to embodiments of the present inven-
tion.

FIG.12is ablock diagram schematically illustrating a User
Equipment according to embodiments of the present inven-
tion.

DETAILED DESCRIPTION

According to embodiments of the present invention, the
communication system is herein described as a WCDMA or
an LTE communication system. The skilled person, however,
realizes that the inventive method and arrangements work
very well on other communications systems as well, such as
a cdma2000 system, or Wimax system. The user equipments
may be mobile stations such as mobile telephones (“cellular”
telephones) and laptops with mobile termination and thus
may be, for example, portable, pocket, hand-held, computer-
included or car-mounted mobile devices which communicate
voice and/or data with the RAN.

In one of the state of the art solutions the measurement
quality and corresponding events are reported for all carriers.
This increases signalling overheads. Thus one important
objective of the invention is to reduce signalling overheads
and UE complexity. Another objective is to ensure that
reported measurements and events take into consideration the
quality of the primary carrier as well as of all or at least a
sub-set of secondary carriers. The main principle of the
present invention is that events such as mobility related events
and decisions are based on a combined quality measure, also
referred to as a composite quality measure, across all or a
sub-set of downlink carrier frequencies including the primary
downlink carrier frequency. It should be noted that the expres-
sions carrier and carrier frequency are used interchangeably.

The combined quality measure reflects the downlink qual-
ity on both the primary carrier frequency and on at least one
of the secondary carrier frequencies. The combined quality
measure is used to decide whether an event should be trig-
gered in order to avoid the triggering in situations when the
events are considered unnecessary. l.e. it is determined
whether the combined quality measure fulfills a predeter-
mined condition, and the event is triggered only if the com-
bined quality measure fulfills the predetermined condition.

The combined quality measure refers to an aggregate qual-
ity of all or at least sub-set of carrier frequencies, which
include the primary carrier frequency and at least one second-
ary carrier frequency. The aggregation may be represented by
an average e.g. arithmetic or geometric or any other statistical
measure of the quality measurements on the individual carrier
frequencies (including the primary frequency and at least one
secondary carrier frequencies.

For quality based mobility decisions neighbour cell quality
measurement such as CPICH Ec/No in WCDMA is typically
used. However, the CQI which is only measured on the serv-
ing cell may also be used for triggering events, serving cell
based absolute events, which do not require comparison with
neighbour cell quality.

Two cases are considered; events triggered based on com-
bined carrier CQI measurements and events triggered based
on combined Carrier Quality measurements e.g. CPICH
Ec/No in WCDMA or RSRQ in E-UTRAN. This is illustrated
by FIG. 3 which depicts a scenario with a UE 300 connected
350 to a serving cell 330. Adjacent to the serving cell 330 is a
neighbouring cell 340 located. From the serving cell 330, the
UE receives control information to be used for measuring
CQI and CPICH Ec/No in WCDMA or RSRQ in E-UTRAN.
CQI can only be measured on control information 320 from
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the serving cell 330 while CPICH Ec/No in WCDMA or
RSRQ in E-UTRAN, referred to as Q, can be measured on
control information 320, 360 from both the serving cell and
neighbouring cells.

The CQI reports for each carrier (i.e. the primary and at
least one secondary carrier) are reported to the network in
existing systems. The CQI depicts an instantaneous downlink
quality of a carrier. In E-UTRAN the UE may also be config-
ured to report CQI over a part of the carrier bandwidth often
termed as sub-band quality.

Let CQIp and CQIsi denote the CQI measured on the
primary carrier frequency and the secondary carrier i respec-
tively. Let CQI be an aggregate value, also referred to as
combined quality measure, of CQI:s obtained from the CQI
reports. The aggregation may be performed at the network
since it receives all reports from the UE.

The combined carrier CQI may be estimated by using any
suitable mathematical function while giving equal or differ-
ent weights to the individual CQI of the primary carrier and at
least one of the secondary carriers. This is further elaborated
by specific examples below:

In this example there are K secondary carriers. Then as an
example the aggregated composite CQI (CQI) is represented
by a weighted arithmetic mean as follows:

N [e9]
@1 CQI, + Z @1CQI;
i=1

cor= T+N

Another example of obtaining the combined quality mea-
sure may be represented by a geometric mean as follows:

CQI="Yn,CQL*n,CQL F- Ny CQlgy 2)

Where the notations in (1) and (2) are defined as follows:
N=K

a,(0,Z0) denotes a weighting factor for carrier i in (1).

In case a,=1;V¥, all carriers have equal weightage in esti-
mating combined quality (e.g. average quality).

Alternatively, a larger weighting factor may be used for the
primary carrier frequency compared to the secondary carrier
frequencies in estimating the combined quality measure.

Similarly some of the carriers may be excluded by setting
their weighting factors to a zero value in (1).

M,(M,>0) denotes a weighting factor for carrier i in (2).

In case 1,;=1;V¥, all carriers have equal weightage in esti-
mating the combined quality (e.g. average quality).

An alternative is to give more weightage to the primary
carrier quality in estimating the combined quality measure,
which implies that a relatively larger weighting factor may be
used for the primary carrier compared to the secondary car-
riers.

According to a first embodiment an event E1 is defined.
The event E1 is triggered if the composite CQI (CQI) falls
below an absolute threshold (y,):

CQI=y, 3

This may be an internal event in the network, e.g. the base
station. This is an absolute event and may be used by the
network to perform one or more radio resource management
tasks e.g. to start compressed mode gaps for inter-frequency
or inter-RAT measurements or to directly initiate handovers
or to combine this event with other traditional events or to
combine this with other available information in the network
(e.g. cell load or historical performance data) for taking a
mobility related decision.
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According to a second embodiment an event E2 is defined.
The event E2 is triggered if the composite CQI (CQI) sur-
passes an absolute threshold (y2):

CQIzy, )

This may be an internal event in the network, e.g. the base
station. This may also be an absolute event and may be used
to perform one or more radio resource management tasks e.g.
to deactivate measurement gaps (compressed mode gaps in
WCDMA) previously activated for inter-frequency or inter-
RAT measurements or to combine this event with other tra-
ditional events or to combine this with other available infor-
mation in the network (e.g. cell load or historical performance
data) for taking a mobility related decision.

Furthermore, the triggering of the events may also be based
on a composite carrier quality, referred to as Q, as an alterna-
tive to the composite carrier CQI. The main principle is the
same as described above in that the composite quality is
obtained by using a suitable statistical measure over the
neighbour cell quality from all or from a sub-set of carriers,
which include the primary carrier and at least one secondary
carrier. However, the estimation principle may be slightly
different since the composite quality is estimated by the UE
instead of the network as the composite carrier CQI. Another
difference is that the actual neighbour cell quality rather than
CQI is used to derive the composite quality. Since the neigh-
bour cell quality is obtained from serving and neighbour cells,
the triggered events from neighbour cells may also be per-
formed by the UE. Furthermore as stated above the composite
quality is derived by the UE and also the corresponding
triggered events are performed by the UE and may comprise
UE reports to the network.

Let Q. represent the composite carrier quality measure of
a set of multicarrier cells j e.g. an arithmetic average of the
neighbour cell qualities (e.g. CPICH Ec/No in WCDMA,
RSRQ in E-UTRAN etc) of all or sub-set of carriers. For
simplicity a generic term Q. is used to represent the com-
posite quality measure, which connotes composite quality in
any of the systems e.g. RSRQ in E-UTRAN.

The composite carrier quality may be estimated by using
any suitable mathematical function while giving equal or
different weights to the individual quality of the primary
carrier frequency and the secondary carrier frequencies. This
is further elaborated by specific examples below:

In this example there are K secondary carrier frequencies.
Then the aggregate or the composite carrier quality (Q.7) in
terms of composite CPICH Ec/No in multicarrier WCDMA
may be represented by an arithmetic mean as follows:

N (5)
BiIRSCPp + Z BiRSCP;
i=1

[

N
Nop + Z Nog;
i=1

Another example of estimating composite quality is
expressed in (6):

©

(RSCP]
| ——— +...+
S1

@Jé: ﬁ{ﬁl(%’)})+ﬁ o ﬁN(%))SN}

Yet another example of obtaining composite quality may
be represented by a geometric mean as follows:
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o ( (RSCP]
Je=¥¢1 o No v N

Yet another possibility is that UE estimates the pilot signal
strength part (e.g. RSCP in WCDMA) only on the primary
carrier frequency and the interference from all the carrier
frequencies (i.e. the primary and secondary carrier frequen-
cies) because the interference on each carrier frequency may
be different.

Where the notations in (5), (6) and (7) are defined as
follows:

RSCP] (RSCP]
w# @y —— | x...%
P S1

N=K

B,(B,Z0) denotes a weighting factor for carrier i in (5) and
©).
In case B,=1;¥, all carriers have equal weightage in esti-
mating composite quality (e.g. average quality).

Alternatively larger weighting factor may be used for the
primary carrier frequency in estimating the composite qual-
ity.

Similarly, some of the carriers may be excluded by setting
their weighting factors to a zero value in (5) or (6), which ever
is used.

¢,(¢,>0) denotes a weighting factor for carrier i in (7).

In case ¢~=1;V, all carriers will have equal weightage in
estimating the composite quality (e.g. average quality).

Alternatively to give more weightage to the quality of the
primary carrier frequency in estimating the composite qual-
ity, a relatively larger weighting factor may be used for the
primary carrier.

These set of events require modification of the carrier qual-
ity measurement definition in the standard. The network
should also have means to configure the UE for reporting the
events and means to signal the corresponding thresholds. For
example, the network should have means to signal to the UE
whether all or a sub-set of carrier frequencies and in the latter
case which carriers should be used for estimating composite
carrier quality and generating triggering of events. Alterna-
tively, a fixed number of carriers to be used for estimating
quality and triggering reporting events may also be specified
in the standard. The fixed number could be a function of total
available carriers, i.e. anchor and all supplementary carriers.

According to a third embodiment an event E3 is defined.
The event E3 is triggered if the composite cell quality (Q.)
from set of multicarrier cells j falls below an absolute thresh-
old (ul):

Q= (8)

The set of multicarrier cells j may be the serving cell set or
neighbour cell set. In fact (8) represents two possible absolute
events; one concerns the serving cell set and another concerns
the neighbour cell set.

This event may also typically be performed by the UE
involving an UE report to the network. The UE report may be
used to perform one or more radio resource management
tasks e.g. to start compressed mode gaps for inter-frequency
or inter-RAT measurements or to directly initiate handover.

According to fourth embodiment an event E4 is defined.
The event E4 is triggered if the composite cell quality (Q//
from set of multicarrier cells j rises above an absolute thresh-
old (u2):

Qlzn )

As before a set of multicarrier cells j may either be a
serving cell set or neighbour cell set and (9) may represent
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two different events in practice. That is one event, which is
specific to the serving cell set and is triggered when the
composite cell quality from set of multicarrier cells j belong-
ing to the serving cell set rises above an absolute threshold.
The other event is specific to the neighbouring cell set, when
the composite cell quality from set of multicarrier cells j
belonging to the neighbour cell set rises above an absolute
threshold

E4 is typically an event performed by the UE comprising
UE reports to the network. These reports may be used by the
network to perform one or more radio resource management
tasks e.g. to stop compressed mode or other types of gaps used
for inter-frequency or inter-RAT measurements.

According to a fifth embodiment an event ES is defined.
The event E5 is triggered if the composite cell quality (Q.°)
from set of multicarrier cells S as compared to that (Q ) of
the set of multicarrier cells M falls below a relative threshold
(Al):

QCS__CMgAI

All quantities in (10) are typically expressed in logarithmic
scale but other scales are not precluded. If the linear scale
would be used it would be a ratio instead of a difference.

In simple words it allows the comparison between two set
of multicarrier cells such as the serving cell set and the neigh-
bour cell set.

This event E5 is typically performed by the UE and ES
comprises UE reports to the network. The reports may be used
to take actual handover decision as it would indicate poor
serving cell quality in relation to that of the target cell.

According to a sixth embodiment an event E6 is defined.
The event E6 is triggered if the composite cell quality (Q.°)
from set of multicarrier cells S as compared to that (Q ) of

the set of multicarrier cells M increases above a relative
threshold (A2):

05-0=A, (11

All quantities in (11) are also typically expressed in loga-
rithmic scale but other scales are not precluded. It also allows
the comparison between two set of multicarrier cells such as
the serving cell sets and neighbour cell sets.

It should be noted that the events E3-E6 are used in con-
nected mode. In idle mode the UE takes autonomous cell
reselection decisions but they are based on signal strength
and/or signal quality. The explicit events E3-E6 cannot be
used by the UE in idle mode for cell reselection in a multi-
carrier system. However the main principles outlined in
events E3-E6 (i.e. based on absolute or relative composite
carrier quality) may also be specified for their use in idle
mode. In that case for instance the cell reselection algorithms
similar to these events (E3-E6) may be specified in the stan-
dard. Furthermore, necessary parameters such as the thresh-
old, the number of carriers per multicarrier set to be involved
for quality estimation and cell reselection may either be
specified in the standard or signaled via broadcast in the
serving cell.

According to further embodiments, events are defined
where each event is based on both the primary carrier fre-
quency quality and the composite carrier frequency quality.
In order to support legacy operation, which uses only single
carrier the UE will have to support quality estimation and
corresponding events from the primary carrier (i.e. legacy
events). Thus this approach does not add any noticeable com-
plexity on top of the composite carrier quality estimation.
These embodiments are also likely to give better overall qual-
ity of all or sub-set of multicarrier cells in relation to the
primary carrier. The embodiments apply to composite quality
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based on CQI as well as on carrier quality based on traditional
neighbour cell measurements. Events based on relative pri-
mary carrier to composite carrier CQI and events based on
relative primary carrier to composite carrier quality e.g.
CPICH Ec/No in WCDMA are further described below.

The composite CQI estimation is based on similar prin-
ciples as described above in conjunction with the first and
second embodiments.

According to a seventh embodiment an event E7 is defined.
The event E7 is triggered if the difference between the pri-
mary carrier CQI (CQI,,) and the composite CQI (CQI) falls
below a relative threshold (81):

TQL,-TQI=5, 12)

This is event is performed internally in the network, e.g. the
base station. Note that the difference, although this event is
for the serving set of multicarrier, is relative in a sense since
the primary carrier CQI is compared to the overall composite
quality.

Similar to event E1, the reports resulting from the event E7
may also be used by the network to perform one or more radio
resource management tasks e.g. to start compressed mode
gaps for inter-frequency or inter-RAT measurements or to
directly initiate handovers or to combine this event with other
traditional events or to combine this with other available
information in the network (e.g. cell load or historical perfor-
mance data) for taking a mobility related decision.

According to an eighth embodiment, an event E8 is
defined. The event E8 is triggered if the difference between
the anchor CQI (CQI,) and the composite CQI (CQI)
increases above a relative threshold (82):

CQI-CQI=d, (13)

This event may also be performed internally in the base
station. Similar to event E2 this one may also be used by the
network to perform one or more radio resource management
tasks e.g. to stop compressed mode gaps for inter-frequency
or inter-RAT measurements.

According to further embodiments events based onrelative
primary carrier quality to composite carrier quality are
defined. The composite carrier quality estimation is based on
similar principles as described above referred to events based
on composite carrier quality. The parameters related to the
events could be standardized values or signaled to the UE as
also described above.

Hence an event E9 is defined where the event E9 is trig-
gered if the difference between the primary carrier quality
(Q7) and the composite cell quality (Q7) from set of multi-
carrier cells j falls below a relative threshold (¢1):

07/-04=¢,

All quantities in (14) are typically expressed in logarithmic
scale but other scales are not precluded. The set of multicar-
rier cells j may be the serving set or neighbour set. As before
(14) represents two possible absolute events; it may either be
triggered from the serving cell set or from the neighbour cell
set.

The triggered events comprise UE reports to the network.
These events may be used to perform one or more radio
resource management tasks e.g. to start compressed mode
gaps for inter-frequency or inter-RAT measurements or to
directly initiate handover.

Furthermore, an event E10 is defined where the event E9 is
triggered if the difference between the primary carrier quality

(14)
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(Q;) and the composite cell quality (Q7) from set of multi-
carrier cells j increases above a relative threshold (¢2):
07-0/=¢, (15)

All quantities in (15) are also typically expressed in loga-
rithmic scale but other scales are not precluded. The set of
multicarrier cells j may be the serving cell set or neighbour
cell set. As before (15) represents two possible absolute
events; it may either be triggered from the serving cell set or
from the neighbour cell set.

The triggered events comprise UE reports to the network.
These events may be used to perform one or more radio
resource management tasks e.g. to stop compressed mode
gaps for inter-frequency or inter-RAT measurements or to
directly initiate handover.

In addition an event E11 is defined. The event E11 is
triggered if the difference between the primary carrier quality
(Q,°) and the composite cell quality (Q,°) from set of mul-
ticarrier cells S compared to that (difference between Q,*
and Q) of another set of multicarrier cells M falls below a
relative threshold (w1):

(@°-0N)-0V-0 =0, 16

All quantities in (16) are typically expressed in logarithmic
scale but other scales are not precluded. It also allows the
comparison between two set of multicarrier cells e.g. serving
cell sets and neighbour cell sets. The events may be used for
performing handovers i.e. deciding whether to perform han-
dover to set M or not.

Event E12 is also defined. The event E12 is triggered if the
difference between the primary carrier quality (Q,°) and the
composite cell quality (Q.°) from set of multicarrier cells S
compared to that (difference between Q,* and Q) of

another set of multicarrier cells M increases above a relative
threshold (®2):
(@°-0)-0V-0 Mz,

All quantities in (17) are also typically expressed in loga-
rithmic scale but other scales are not precluded. It also allows
the comparison between two set of multicarrier cells e.g.
serving cell sets and neighbour cell sets. The events may be
used for performing handovers i.e. deciding whether to per-
form handover to set M or not.

The events E9-E12 are also triggered and performed in
connected mode. In idle mode the UE does not report any
event rather takes autonomous cell reselection decisions but
they are based on signal strength and/or signal quality. The
explicit events E9-E12 cannot be triggered and performed by
the UE in idle mode for cell reselection in a multi-carrier
system. However the main principles outlined in events
E9-E12 (i.e. based on relative primary to composite carrier
quality) may also be specified for their use in idle mode. In
that case for instance cell reselection algorithms similar to
these events (E9-E12) may be specified in the standard. Fur-
thermore, necessary parameters such as threshold, number of
carriers per multicarrier set to be involved for quality estima-
tion and cell reselection may either be specified in the stan-
dard or signalled via broadcast in the serving cell.

In accordance with the above described embodiments, the
composite quality measure may be calculated both in the UE
and the network, which implies that the event to be triggered
based on that composite quality measure may be a UE event
or a network event. If the composite quality measure is based
on CQI, then the composite quality measure is typically deter-
mined by the network since the UE reports the CQIs to the
network in existing system. Furthermore, if the composite
quality measure is based on Q, then the composite quality
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measure is typically determined by the UE and whereby the
event is a UE event. However, it is also possible that the UE
reports the Q values of each carrier to the network such that
the network can calculate the composite quality measure.

Turning now to FIG. 4, comprising FIG. 4a which illus-
trates the method of the UE while FIG. 45 illustrates the
method of the network node. FIG. 4a is showing the case
when a UE 300 measures 401 Q from control information
320, 360 from a set of serving cells 330 and/or from a set of
neighbouring cells 340. The UE creates 402 a combined
downlink quality measure based on the measured Q. Then,
the UE checks 403 if the combined quality measure fulfils a
predetermined condition. The predetermined condition may
involve a comparison between the combined quality measure
and a predefined threshold. If the predetermined condition is
fulfilled, an event is triggered 404 at the UE. The event may be
a transmission 405 of UE report to the network as illustrated
by FIG. 4b.

Turning now to FIG. 5 comprising FIG. 5a and FIG. 5b.
FIG. 5a illustrates the method of the UE while FIG. 55 illus-
trates the method of the network node. Hence FIG. Sa is
showing the case when a UE 300 measures 501 CQI from
control information 320 from a set of serving cells 330. The
sends 502 CQI reports, which are received 503 by the network
node 330. The network node creates 504 a combined down-
link quality measure based on the received CQI reports. Then,
the network node checks 505 if the combined quality measure
fulfils a predetermined condition. The predetermined condi-
tion may involve a comparison between the combined quality
measure and a predefined threshold. If the predetermined
condition is fulfilled, an event is triggered 506 at the network
node. The event may relate to radio resource management
such as mobility or handover related actions.

Accordingly, the method according to the present inven-
tion is illustrated by the flowchart of FIG. 6. In step 601,
downlink quality measurements are received. If the method is
carried out of a UE, the downlink quality measurements are
received by performing measurements on control informa-
tion. The combined downlink quality measure, also referred
to as composite quality measure, is determined in step 602. It
is then evaluated in step 603 whether the combined quality
measure fulfills a predetermined condition. If the predeter-
mined condition is fulfilled the event is triggered in step 604.

According to embodiments of the present invention, the
combined downlink quality measure is determined by deter-
mining an average value of the downlink quality measure-
ments as described above and illustrated by FIG. 7. This can
be used for all events E1-E12 as described above.

According to further embodiments, as illustrated by FIG. 8
and as previously described in conjunction with the events
E7, E8, E9 and E10, the combined quality measure to be used
for triggering an event is determined by determining a first
combined downlink quality measure based on Q or CQI mea-
surements in step 606, and then determining a difference
between the downlink quality measures of the primary carrier
and of said combined measure in step 607.

According to further embodiments, as illustrated by FIG. 9
and as previously described in conjunction with the events E5
and E6, the combined quality measure to be used for trigger-
ing an event is determined by performing the following steps:

608. Combine, for a first set of cells, the downlink quality
measures of the primary carrier and of the at least one sec-
ondary carrier to determine a combined quality measure Q>
of the first cell.

609. Combine, for a second set of cells, the downlink
quality measures of the primary carrier and of the at least one
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secondary carrier to determine a combined quality measure
QM of the second set of cells.

610. Determine a difference Q,.°-Q* between the com-
bined DL quality measure of the first set of cells and the
combined DL quality measure of the second set of cells to be
used as the combined quality measure.

According to yet further embodiments, as illustrated by
FIG. 10 and as previously described in conjunction with the
events E11 and E12, the combined quality measure to be used
for triggering an event is determined by performing the fol-
lowing steps:

611. Determine, for a first set of cells, combined DL quality
measure Q> for the downlink quality measures of the pri-
mary carrier and the at least one secondary carrier.

612. Determine, for the first set of cells, a difference
between the DL quality measures of the primary carrier Q,°
and of said combined measure Q" referred to as a first
difference (Q,°-Q.°).

613. Determine, for a second set of cells, combined DL
quality measure Q™ for the DL quality measures of the
primary carrier and the at least one secondary carrier.

614. Determine, for the second set of cells, a difference
between the DL quality measures of the primary carrier and of
said combined measure referred to as a second difference
(Q7"-Qc™).

615. Determine a further difference between said first and
second difference to be used as the combined quality mea-
sure, (Qz"-Qc")~(Q"-Qc™).

The methods described above may be carried out by an
arrangement located either in a UE or in a network node.
Therefore, the embodiments of the present invention are
directed to a UE and to a network node such as a radio base
station. The radio base station may be a Node B ina UTRAN
or an eNode B in E-UTRAN.

Accordingly, the network node comprises as illustrated in
FIG. 11, a receiver 1101 for receiving downlink quality mea-
surements 1105 of the primary carrier frequency and of at
least one secondary carrier frequency. It further comprises a
combining unit 1102 for combining the received downlink
quality measurements of the primary carrier frequency and of
the at least one secondary carrier frequency to determine a
combined quality measure. An evaluationunit 1103 for evalu-
ating whether the combined quality measure fulfills a prede-
termined condition is provided and as well as a triggering unit
1104 for triggering an event 1106 only if the combined qual-
ity measure fulfills a predetermined condition.

Furthermore, the UE comprises a measuring unit 1201 for
measuring downlink quality measurements of the primary
carrier frequency and of at least one secondary carrier fre-
quency by measuring control information 1205 sent on the
primary carrier frequency and the at least one secondary
carrier frequency. Italso comprises a combining unit 1202 for
combining the measured downlink quality measurements of
the primary carrier frequency and of the at least one second-
ary carrier frequency to determine a combined quality mea-
sure. In addition, an evaluation unit 1203 for evaluating
whether the combined quality measure fulfills a predeter-
mined condition is provided and a triggering unit 1204 for
triggering an event only if the combined quality measure
fulfills a predetermined condition. The event may be a trans-
mission of a UE report 1206.

Thus, while there have been shown and described and
pointed out fundamental novel features of the invention as
applied to a preferred embodiment thereof, it will be under-
stood that various omissions and substitutions and changes in
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the form and details of the devices illustrated, and in their
operation, may be made by those skilled in the art without
departing from the spirit of the invention. For example, it is
expressly intended that all combinations of those elements
and/or method steps which perform substantially the same
function in substantially the same way to achieve the same
results are within the scope of the invention. Moreover, it
should be recognized that structures and/or elements and/or
method steps shown and/or described in connection with any
disclosed form or embodiment of the invention may be incor-
porated in any other disclosed or described or suggested form
or embodiment as a general matter of design choice.

2 < CLIN T34

Expressions such as “including”, “comprising”, “incorpo-
rating”, “consisting of”, “have”, “is” used to describe the
present invention are intended to be construed in a non-ex-
clusive manner, namely allowing for items, components or
elements not explicitly described also to be present. Refer-
ence to the singular is also to be construed to relate to the
plural and vice versa.

The invention claimed is:

1. A method in a node of cellular telecommunication net-
work capable of simultaneously using multiple carrier fre-
quencies comprising a primary carrier frequency and at least
one secondary carrier frequency, the method comprises the
steps of:

receiving downlink quality measurements of a primary

carrier frequency and of at least one secondary carrier
frequency;

combining the received downlink quality measurements of

the primary carrier frequency and of the at least one

secondary carrier frequency by:

determining a combined downlink quality measure for
the downlink quality measurements of the primary
carrier frequency and the at least one secondary car-
rier frequency; and

determining a difference in logarithmic scale between
the downlink quality measurements of the primary
carrier frequency and the combined downlink quality
measure for the downlink quality measurements of
the primary carrier frequency and the at least one
secondary carrier frequency to be used as a combined
quality measure;

evaluating whether the combined quality measure fulfills a

predetermined condition; and

triggering an event only if the combined quality measure

fulfills the predetermined condition.

2. The method of claim 1, wherein combining the downlink
quality measurements of the primary carrier frequency and of
the at least one secondary carrier frequency to determine a
combined quality measurements comprises determining an
average value of the received downlink quality measurements
of the primary carrier frequency and of the at least one sec-
ondary carrier frequency.

3. The method of claim 1, wherein the node is a user
equipment (UE) and receiving downlink quality measure-
ments of the primary carrier frequency and of at least one
secondary carrier frequency comprises measuring downlink
quality measurements of the primary carrier frequency and of
at least one secondary carrier frequency.

4. The method of claim 3, wherein the received downlink
quality measurements of the primary carrier frequency and of
at least one secondary carrier frequency are related to more
than one set of cells.

5. The method of claim 4, wherein combining the downlink
quality measurements of the primary carrier frequency and of
the at least one secondary carrier frequency to determine a
combined quality measure comprises:
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combining, for a first set of cells, the downlink quality
measurements of the primary carrier frequency and of
the atleast one secondary carrier frequency to determine
a combined quality measure of the first set of cells;

combining, for a second set of cells, the downlink quality
measurements of the primary carrier frequency and of
the atleast one secondary carrier frequency to determine
a combined quality measure of the second set of cells;
and

determining a difference in logarithmic scale between the

combined downlink quality measure of the first set of
cells and the combined downlink quality measure of the
second set of cells to be used as the combined quality
measure.

6. The method of claim 4, wherein combining the downlink
quality measurements of the primary carrier frequency and of
the at least one secondary carrier frequency to determine a
combined quality measure comprises:

determining, for a first set of cells, combined downlink

quality measure for the downlink quality measurements
of the primary carrier frequency and the at least one
secondary carrier frequency;

determining, for the first set of cells, a first difference

representing a difference in logarithmic scale between
the downlink quality measurements of the primary car-
rier frequency and of said combined downlink quality
measure for the downlink quality measurements of the
primary carrier frequency and the at least one secondary
carrier frequency;

determining, for a second set of cells, combined downlink

quality measure for the downlink quality measurements
of the primary carrier frequency and the at least one
secondary carrier frequency;

determining, for the second set of cells, a second difference

representing a difference in logarithmic scale between
the downlink quality measurements of the primary car-
rier frequency and of said combined downlink quality
measure for the downlink quality measurements of the
primary carrier frequency and the at least one secondary
carrier frequency; and

determining a further difference in logarithmic scale

between the first difference and the second difference to
be used as the combined quality measure.

7. The method of claim 3, wherein the event is a UE event
comprising reporting the combined downlink quality mea-
sure to a network node.

8. The method of claim 3, wherein the event comprises a
performance of cell reselection if the predetermined condi-
tion is fulfilled.

9. The method of claim 1, wherein the downlink quality
measurements comprise a Reference Signal Received Qual-
ity (RSRQ) of the primary carrier and of the at least one
secondary carrier frequency in multicarrier Evolved Univer-
sal Terrestrial Radio Access Network (E-UTRAN).

10. The method of claim 1, wherein the downlink quality
measurements comprise Common Pilot Channel (CPICH)
EN,, of the primary carrier and of the at least one secondary
carrier frequency in multicarrier Wideband Code Division
Multiple Access (WCDMA).

11. The method of claim 1, wherein the downlink quality
measurements comprise Channel Quality Indicators (CQls)
of the primary carrier frequency and of the at least one sec-
ondary carrier.

12. The method of claim 1, wherein the event relates to
radio resource management.
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13. The method of claim 1, wherein the predetermined
condition is fulfilled if the combined quality measurement or
the determined difference falls below respective thresholds.
14. The method of claim 13, wherein the thresholds are
signaled by the network.
15. The method of claim 13, wherein the thresholds are
predetermined values.
16. The method of claim 1, wherein the predetermined
condition is fulfilled if the combined quality measurement or
the determined difference rises above respective thresholds.
17. A network node of a cellular telecommunication net-
work capable of simultaneously using multiple carrier fre-
quencies comprising a primary carrier frequency and at least
one secondary carrier frequency, the node comprising:
a receiver operable to receive downlink quality measure-
ments of the primary carrier frequency and of at least one
secondary carrier frequency;
a combining unit operable to:
combine the received downlink quality measurements of
the primary carrier frequency and of the at least one
secondary carrier frequency configured to determine
a combined downlink quality measure for the down-
link quality measurements of the primary carrier fre-
quency and the at least one secondary carrier fre-
quency; and

determine a difference in logarithmic scale between the
downlink quality measurements of the primary carrier
frequency and said combined downlink quality mea-
sure for the downlink quality measurements of the
primary carrier frequency and the at least one second-
ary carrier frequency to be used as a combined quality
measure;
an evaluation unit operable to evaluate whether the com-
bined quality measure fulfills a predetermined condi-
tion; and
a triggering unit operable to trigger an event only if the
combined quality measure fulfills a predetermined con-
dition.
18. The network node of claim 17, wherein the combining
unit is further operable to determine an average value of the
received downlink quality measurements of the primary car-
rier frequency and of the at least one secondary carrier fre-
quency.
19. The network node of claim 17, wherein the downlink
quality measurements are Channel Quality Indicators (CQIs)
of the primary carrier frequency and of the at least one sec-
ondary carrier.
20. The network node of claim 17, wherein the event relates
to radio resource management.
21. A User Equipment (UE) connectable to a cellular tele-
communication network capable of simultaneously using
multiple carrier frequencies comprising a primary carrier fre-
quency and at least one secondary carrier frequency, the UE
comprises
a measuring unit operable to measure downlink quality
measurements of the primary carrier frequency and of at
least one secondary carrier frequency;
a combining unit operable to:
combine the measured downlink quality measurements
of'the primary carrier frequency and of the at least one
secondary carrier frequency configured to determin-
ing a combined downlink quality measure for the
downlink quality measurements of the primary carrier
frequency and the at least one secondary carrier fre-
quency; and

determine a difference in logarithmic scale between the
downlink quality measurements of the primary carrier
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frequency and said combined downlink quality mea-
sure for the downlink quality measurements of the
primary carrier frequency and the at least one second-
ary carrier frequency to be used as a combined quality
measure; and

an evaluation unit operable to evaluate whether the com-

bined quality measure fulfills a predetermined condi-
tion; and

a triggering unit operable to trigger an event only if the

combined quality measure fulfills a predetermined con-
dition.

22. The user equipment of claim 21, wherein the combin-
ing unit is further operable to determine an average value of
the received downlink quality measurements of the primary
carrier frequency and of the at least one secondary carrier
frequency.

23. The user equipment of claim 22, wherein the received
downlink quality measurements of the primary carrier fre-
quency and of at least one secondary carrier frequency are
related to more than one set of cells.

24. The user equipment of claim 23, wherein the combin-
ing unit is further operable to combine, for a first set of cells,
the downlink quality measurements of the primary carrier
frequency and of the at least one secondary carrier frequency
to determine a combined quality measure of the first set of
cells, to combine, for a second set of cells, the downlink
quality measurements of the primary carrier frequency and of
the at least one secondary carrier frequency to determine a
combined quality measure of the second set of cells, to deter-
mine in logarithmic scale between the combined downlink
quality measure of the first set of cells and the combined
downlink quality measure of the second set of cells to be used
as the combined quality measure.

25. The user equipment of claim 23, wherein the combin-
ing unit is further operable to:

determine, for a first set of cells, combined downlink qual-

ity measure for the downlink quality measurements of
the primary carrier frequency and the at least one sec-
ondary carrier frequency;

determine, for the first set of cells, a first difference repre-

senting a difference in logarithmic scale between the
downlink quality measurements of the primary carrier
frequency and of said combined downlink quality mea-
sure for the downlink quality measurements of the pri-
mary carrier frequency and the at least one secondary
carrier frequency;
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determine, for a second set of cells, combined downlink
quality measure for the downlink quality measurements
of the primary carrier frequency and the at least one
secondary carrier frequency;

determine, for the second set of cells, a second difference

representing a difference in logarithmic scale between
the downlink quality measurements of the primary car-
rier frequency and of said combined downlink quality
measure for the downlink quality measurements of the
primary carrier frequency and the at least one secondary
carrier frequency; and

determine a further difference in logarithmic scale between

the first difference and the second difference to be used
as the combined quality measure.

26. The user equipment of claim 21, wherein the event is a
UE event comprising reporting the combined downlink qual-
ity measure to a network node.

27. The user equipment of claim 21, wherein the event
comprises a performance of cell reselection if the predeter-
mined condition is fulfilled.

28. The user equipment of claim 21, wherein the downlink
quality measurements comprise a Reference Signal Received
Quality (RSRQ) of the primary carrier and of the at least one
secondary carrier frequency in multicarrier Evolved Univer-
sal Terrestrial Radio Access Network (E-UTRAN).

29. The user equipment of claim 21, wherein the downlink
quality measurements comprise Common Pilot Channel
(CPICH) E /N, of the primary carrier and of the at least one
secondary carrier frequency in multicarrier Wideband Code
Division Multiple Access (WCDMA).

30. The user equipment of claim 21, wherein the event
relates to radio resource management.

31. The user equipment of claim 21, wherein the predeter-
mined condition is fulfilled if the combined quality measure-
ment or the determined difference falls below respective
thresholds.

32. The user equipment of claim 31, wherein the thresholds
are signaled by the network.

33. The user equipment of claim 31, wherein the thresholds
comprise predetermined values.

34. The user equipment of claim 21, wherein the predeter-
mined condition is fulfilled if the combined quality measure-
ment or the determined difference rises above respective
thresholds.



